Introduction
Over the last few decades, reversible absorption-desorption of small molecules by coordination polymers and caged compounds has attracted considerable attention.
1 Several porous coordination polymers absorb iodine. 2 Compounds that exhibit reversible iodine-absorption properties are useful for iodine storage. Organic donor compounds and polymers also absorb iodine; 3 this reaction is often used to increase their electrical conductivity. As part of our investigations into solid-state reactions, 4 we reported that powders of alkali-TCNQ salts [M(TCNQ), M = Na, K] reversibly absorb iodine to form M(TCNQ)I, even though they are nonporous materials. 5 Iodine absorption by such simple charge-transfer salts is uncommon and interesting from the perspective of controlling their electronic properties. Their simple composition and easy preparation may be advantageous for practical applications.
In this paper, we report the iodine-absorption properties of Cu(TCNQ) (Fig. 1) . Cu(TCNQ) is a nonporous coordination polymer composed of Cu I and a TCNQ anion. It is a semiconductor, and devices based on its electronic characteristics have been investigated; 6 hence, the ability to control its physical properties is useful. Cu(TCNQ) has two polymorphs: Phase I and phase II. The latter is thermodynamically more stable. 7 In the current study, the iodine-absorption properties of the two phases are investigated, and the solid-state reaction and liquid-phase reaction are compared. The mechanism of iodine absorption-desorption is discussed in comparison with that of alkali-TCNQ compounds.
Fig. 1 Structural formula of Cu(TCNQ).
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Results and Discussion

Iodine absorption of Cu(TCNQ) by a solid-state reaction
The iodine absorption-desorption properties of Cu(TCNQ) (Phase I and Phase II) found in the present study are summarized in Fig. 2 . Solid-state grinding of a dark-blue powder of Cu (TCNQ) and I2 in a molar ratio of 1:2 produced a black powder of Cu(TCNQ)I4 within 30 min. The solid-state reaction was efficient for both phases I and II. The use of excess iodine left unreacted iodine in the resultant powder. The iodine-containing salts obtained from the two polymorphs exhibited almost the same amorphous X-ray diffraction (XRD) patterns with several weak peaks (phase I: Fig. 3a , phase II: Fig. 3b ). However, their IR spectra were slightly different, indicating the differences in their local structures.
Heating the iodine-containing salts generated from phase I and phase II Cu(TCNQ) at 200 °C for 1.5 h under vacuum led to the desorption of iodine to regenerate the corresponding phase of Cu(TCNQ), as seen in the XRD patterns (Fig. 3) . This was also confirmed by the recovery of the IR spectrum of each phase. The recovery of the original phases is ascribed to differences in the local structures of Cu(TCNQ)I4 derived from each polymorph. However, the weaker XRD peak intensities suggest that the product also contain amorphous Cu(TCNQ). In the XRD patterns, peaks corresponding to CuI were also observed. The amount of CuI in the sample from phase I was about 3%, as determined by X-ray fluorescence analysis. Repeating the absorption-desorption procedure resulted in a slight increase in the CuI peak intensities and decrease of the crystallinity of the regenerated Cu(TCNQ) (Fig. S1 ). Interestingly, phase II Cu(TCNQ) was gradually converted to phase I Cu(TCNQ) by repeating the procedure. Conversion from phase I to phase II occurs in solution, 7 whereas the solid-state reaction caused the reverse conversion. 
Iodine absorption of Cu(TCNQ) by a liquid-phase reaction
Immersion of a polycrystalline powder of phase I Cu(TCNQ) in a hexane solution of iodine produced a black powder of Cu(TCNQ)I4 within two weeks. In contrast, the iodine-absorption rate of phase II was much slower, reaching only n ≈ 0.7 after two months; this is ascribed to the higher thermodynamic stability of phase II than phase I. The efficiency of the solid-state reaction for both 
Electronic state of the iodine-containing salt
The valence state of Cu(TCNQ)I4 obtained from the liquid-phase reaction was investigated by Raman spectroscopy. The C=C stretching bands of TCNQ in Cu(TCNQ)I4 were observed at 1451 cm −1 (Fig. S7 , ESI † ), which indicates that TCNQ is neutral. and contains a Cu-I bond. 13 The electrical conductivity of a compaction pellet of Cu(TCNQ)In (n = 3.7, obtained by the liquid phase reaction) was 3.1 × 10 −3 S cm −1 at room temperature, which is one order lower than that of phase I Cu(TCNQ). 7 The decreased conductivity is consistent with the valence change of TCNQ from anionic to neutral. The conductivity seems to be rather high for a complex with neutral TCNQ, but may be reasonable considering that [CuI(TP-DCNQI)] containing neutral acceptors exhibits a conductivity of 7.6 × 10 −3 S cm −1 (single crystal). 13 The temperature dependence of the conductivity revealed semiconducting behavior with an activation energy of 0.1 eV (Fig. S8 , ESI † ); this contrasts with the change in the electrical conductivity of alkali-TCNQ, which increases upon the absorption of iodine. 5 These results demonstrate that the affinity of I − and Cu + is important for the iodine-absorption mechanism of the current salt, in contrast with that of alkali-TCNQ. shown here can be also used to control the physical properties of Cu(TCNQ).
12 mol) in a hexane solution (300 mL) of iodine (830 mg, 3.3 × 10 −3 mol) for 1-2 weeks at 12 °C. The products were collected by filtration, washed with hexane, and vacuum dried for 10 min. Anal. Calcd 
